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Qw_vtx@ xrRrR XN=W |=yQDt=Q=B R= KrUt
?U=vt KQ] |xrRrR ?=NDv=

�Q=}Wv=O� x=vBltm |ra
TQOt C}@ QD x=oWv=O 'CU} R\}Lt w u=Qta |UOvyt |xOmWv=O

�Q=}O=DU=� �CUwOv=OR} O}Ht
u=QyD C=k}kLD w swra OL=w '|tqU= O=R; x=oWv=O 'u=Qta |UOvyt xwQo

xO=iDU= OQwt KQ] |xrRrR ?=NDv= CyH ?U=vt |Q=}at |iQat Qw_vtx@ 'VywSB u}= QO
Q}F-=D |UQQ@ x@ 'KrUt l =N |=yxR=U |v=tR |xJN} Q=D Q@ |vD@t |m}t=v}O |=yp}rLD QO
|}xRQr OQmrta QO '"""w xv}W}@ CaQU 'xv}W}@ ?=DW '=oQR@ Q}_v xrRrR XN=W |=yQDt=Q=B

R= |Q}oxQy@ =@ 'hOy u}= x@ p}v |=DU=Q QO "CU= xOW xDN=OQB KrUt l =N |xR=U
'u}at XN=W |=yQDt=Q=B =@ CW=ov?=DW 30 ?=NDv= w OwOLt p[=iD |OOa |R=UpOt
|ki= |=yu=mtQ}}eD ?r=k QO xR=U |}xRQr OQmrta QO QwmPt |=yQDt=Q=B R= l} Qy Q}F-=D

XN=W |=yQDt=Q=B |t=tD u=}t R= xm OyO|t u=Wv xrY=L G}=Dv "CU= xOW |UQQ@ x} wQ
|}xRQr OQmrta =@ |}=Qosy u} QDW}@ |=Q=O 1 CAV QDt=Q=B 'VywSB u}= QO |UQQ@ OQwt

|xrRrR l} ?=NDv= CyH =Q QDt=Q=B u}= uOw@?U=vt Qt= u}= =Pr "CU= KrUt l =N |xR=U
"OR=U|t RQLt ?U=vt KQ]

a-panah@modares.ac.ir
mj.yazdandoust@srbiau.ac.ir

|=yQDt=Q=B '|}xRQr OQmrta '|Oqwi |xtUD =@ KrUt l =N %|O}rm u=oS=w
"KQ] |xrRrR 'xrRrR XN=W

xtOkt "1
CLD KrUt l =N Q=w}O |O=OaD |wQ Q@ 1975 p=U QO xOWs=Hv= C=k}kLD
|oDN}Uo K]U p}mWD Ea=@ |m}t=v}O ?=DW xm OyO|t u=Wv |ki= ?=DW QF=
Q@ |m}t=v}O Q=@ R= xrY=L |wQ}v |]NQ}e `} RwD w QDnQR@ |ki= |wQ}v 'QDh=Y

[2]"OwW|t Q=w}O VWwB |wQ
u}= QO "CiQo Q=Qk |UQQ@ OQwt 1977 p=U QO pt=m T=}kt pOt u}rw=
w OW s=Hv= Q=Hiv= R= xO=iDU= =@ |QDt 6 Q=w}O l} |wQ Q@ xrRrR |R=Ux}@W 'j}kLD
|QDnQR@ |m}t=v}O |=ywQ}v 'QDOvr@ |=yxtUD QO |rm Qw]x@ xm O=O u=Wv u; G}=Dv
R= |}x_Lqt p@=k Qw]x@ xOW|Q}oxR=Ov= |m}t=v}O |xv}W}@ |wQ}v w OwW|t O}rwD
'OvDUy QDtm �1975� |r w uwUOQ=J} Q |}xRQr |L=Q] VwQ =@ |D=@U=Lt |=ywQ}v

[3]"CU= R} Qm =N QO =yxOvvmKrUt sm =QD w V}=Q; 'pw] Q}F-=D Vr}rO xm
|}=ypw] x@ |Oqwi |=yxm@W =@ 1999 p=U QO xOWKrUt l =N |}xRQr Q=DiQ
R= xO=iDU= =@ 0 85 g =@ pO=at |@=DW CLD w Q=w}O `=iDQ= Q@=Q@ 1 4 =D 0 5 u}@
|oDN}Uo Ot 'xOt;CUOx@ G}=Dv |=v@t Q@ "CU= xOW s=Hv= Sw}i} QDv=U |=yV}=tR;

[4]"�1 pmW� CU= xOW O=yvW}B |]N wO CQwYx@ xOWKrUt |xOwD
Q}F-=DK}rUD |=yu=tr=|DNU xm OyO|t u=Wv 2005 p=U QO|D=ar=]tu}vJty
Q=Okt w `} RwD xmCU=|r=LQOu}= "OQ=O|m}D=DU=|=yQ=@CLD Q=w}OMU=B QO|R}J=v
[5]"CU=K}rUD |=yu=tr=|DNU Q}F-=DCLDCOW x@ xrRrR s=ovy QO Q=w}OCWB |wQ}v

|=yxrRrR ẁkw R= Oa@ |m}vmDw�S |=yxR=U XwYNx@ '=yxR=U |}xRQr |L=Q] VwQ
Q=JO �1995� uB=S |x@ wm w �1994� =m} Qt; G} QEQwv XwYNx@ '1990 |xyO
xm |}=yxR=U |=Q@ QwmPt |=yxrRrR QO xOt;OwHwx@ |=y?}U; "OW |U=U= C=Q}}eD
Ov=wD|t ?wr]t OQmrta xm OQw; OwHwx@ =Q QmiD u}= 'Ow@ =yv; R= |QDy@ OQmrta Q=_Dv=
|L=Q] VwQ u=}v@ 'wQ u}= R= "OwW |krD |}xRQr |L=Q] ?U=vt XN=W |xrRvtx@
Kw]U u}}aD |U=U= pY= 3 Q@ VwQ u}= "OW xO=yv =v@ |}xRQr OQmrta |=v@t Q@
KQ] |xrRrR ?=NDv= w xR=U |Q@ Q=m T=U=Q@ OQmrta K]U ?=NDv= 'xR=U OQmrta
x@ \wvt VwQ u}= QO p;xO}= |L=Q] l} x@ |@=}DUO =Pr "CU= Q=wDU= ?U=vt

[1]"Ow@ Oy=wN QwmPt pwY= R= |i=m CN=vW
|}xRQr OQmrta |=v@t Q@ |L=Q] VwQ |xaUwD =@ u=tRsy 'Q}N= |=yp=U |]
"Ov=xOv=tv xQy@|@CiQW}Bu}= R= R}vKrUt l =N |=yxR=U '|m}vmDw�S |=yxR=U |=Q@
"CU= xDiQoCQwY sDU}Uu}=|}xRQr OQmrtaKw]U|xv}tR QO|}xOQDUoC=ar=]t
|wQ Q@ �1973� u=Q=mty w |r \UwD 'xv}tR u}= QO =yVywSB u}rw= xrtH R=

[2]"CU= xOW s=Hv= |Oqwi |=yxtUD =@ xOW KrUt l =N

pw�Ut xOvU} wv �
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UQQ
@OvJ |m}t=v}O Q=DiQ |wQ Q@ xar=]t =@ u}kkLt R= |NQ@ |Oq}t 80 xyO QO

|xrRrR ?=NDv= CyH ?U=vt Q=}at l} |xrRvtx@ =Q 3�M� =oQR@ QDt=Q=B '|m =N OU
OQmrta K]U 'xrRrR l} |=oQR@ V}=Ri= ut[ OvO=O u=Wv =yv; "OvOQm KQ]t KQ]

"O@=}|t V}=Ri= R}v u;
Q@ |L=Q] VwQ pw= pY= |wQ Q@ C=ar=]t QDW}@ OwW|t Oy=Wt xm Qw]u=ty
|Q}otWJ C=ar=]t wCU= xOW RmQtDt 'OQmrta Kw]U u}}aD|va} 'OQmrta |=v@t
|aU VywSB u}= QO =Pr "CU= xDiQov CQwY KQ] |xrRrR ?=NDv= Q=}at |xv}tR QO

"OwW xDW=OQ@ lJwm OvJ Qy |t=o '=DU=Q u}= QO xm CU= u; Q@

VywSB s=Hv= VwQ w hOy "2
4|}xRQr OQmrta |=v@t Q@ |L=Q] VwQ R= xO=iDU= |xiUri 'Q}N= |=yp=U |]
xOa=k u}= R= R}v KrUt l =N |=yxR=U xm 'CU= xOW KQ]t |m =N |=yxR=U |=Q@
u}= QO |at=H C=ar=]t uwvm =D 'VwQ u}= uOw@=B wvCra x@ u}=Q@=v@ "Ov=xOw@v |vFDUt
QO |L=Q] Q=}at u=wvax@ xR=U u=mtQ}}eD VwQ u}= QO "CU= xDiQov CQwY xv}tR
|L=Q] XNWt OQmrta K]U l} x@ |} woNU=B |=Q@ xR=U w CU= xOW xDiQo Q_v
u=mQ= R= 'xR=U OQmrta K]U u}}aD w ?U=vt KQ] |xrRrR ?=NDv= =Pr "OwW|t
|Q}PB Q}F-=D w xrRrR l} XN=W |=yQDt=Q=B OOaD "O};|t Q=tWx@ VwQ u}= |rY=
C}ty= w wU l} R= QwmPt |=yQDt=Q=B R= |m}vmDw�S |xR=U l} |}xRQr OQmrta
CQwQ[ 'Qo}O |wU R= jiwt w xv}y@ |L=Q]l} x@ |@=}DUO QO KQ] |xrRrR ?=NDv=
x@ |@=}DUO Qw_vt x@ =Q xR=U OQmrta QO xrRrR XN=W |=yQDt=Q=B C=Q}F-=D |UQQ@

"OR=U|t RQLt KQ] |xrRrR ?=NDv= CyH ?U=vt |Q=}at
=@ xOWKrUt l =N Q=w}O |ki= u=mtQ}}eD uDiQoQ_vQO =@ VywSB u}= QO =Pr
R= QDt=Q=B OvJ ?=NDv= w xR=U |}xRQr OQmrta VHvU Q=}at u=wvax@ |Oqwi |xtUD
|x}k@ u=}t R= C}ty= QB XN=W |=yQDt=Q=B u=wvax@ xrRrR l} XN=W |=yQDt=Q=B
|xrRrR ?=NDv= CyH ?U=vt |Q=}at |iQat |xv}tR QO 'CW=ov l} |=yQDt=Q=B

"CU= xOW VWwm KQ]
x@ |Oqwi |xtUD =@ KrUt l =N Q=w}O l} 'hOy u}= x@ |@=}DUO |=DU=Q QO
u}}aD w |v=tR |xJN} Q=D Q@ |vD@t |m}t=v}O |=yR}r=v; s=Hv= CyH QDt 6 `=iDQ=
TBU [12]"CU=xOW |L=Q] FHWA |xt=vu}}; T=U=Q@ w ?=NDv= OQmrta Kw]U
C}ty=QB XN=W |=yQDt=Q=B u=wvax@ QDt=Q=B 8 'xrRrR XN=W |=yQDt=Q=B u=}t R=
R= CW=ov?=DW 30 ?=NDv= =@ xt=O= QO w xO} RoQ@ 'VywSB u}= QO xar=]t |=Q@
u=yH |wk |=yxRQru}tR |D=aq]= |=ylv=@ QO xOWC@F |=yCW=ov?=DW u=}t
|=ypOt x@ u; p=ta= ut[ 'QwmPt |=yxrRrR R= l} Qy XN=W |=yQDt=Q=B u}}aD w
xR=U |}xRQr OQmrta QO QwmPt |=yQDt=Q=B Q}F-=D |UQQ@ x@ w xDN=U KrUt l =N

"CU= xOW xDN=OQB

VywSB s=Hv= pL=Qt "3
"CU= KQW u}= x@ VywSB s=Hv= pL=Qt 'xOWh} QaD h=Oy= x@ xHwD =@

|UQQ@ OQwt |OOa |=ypOt ?=NDv= "1"3
xO=iDU= OQwt Q=Ri=sQv "1"1"3

xDiQo Q=Qk xO=iDU= OQwt 5 FLAC OwOLt p[=iD Q=Ri=sQv '=yp}rLD s=Hv= CyH

"Sw}i} QDv=U |=yV}=tR; QO CUmW Kw]U "1 pmW

'|DNU QF= xRQrR}t |=yV}=tR; R= |Q}oxQy@ =@ '2006 p=U QO R}v |v=QoWywSB
OQwt |m}t=v}O |=ywQ}v x@ Q=w}O MU=B QO =Q K}rUD |=yu=tr= s�=k |xrY=i w pw]
Q=Okt Q}osWJ Vy=m R= |m =L xOt;CUOx@ G}=Dv "Ov=xO=O Q=Qk |UQQ@ w xar=]t
xOW xOy=Wt u}vJty "CU=yxOvvmKrUt |DNU V}=Ri= <=R= x@ Q=w}O |}=H@=H
|DNU 'V}=Q; Q}F-=D CLD COW x@ K}rUD |=yu=tr= w Q=w}O x@ OQ=w |=ywQ}v xm CU=

[6]"OvDUy Qo}Om} R= xOWKrUt |=yx}q |xrY=i w
R= |m =L '2004 p=U QO |Qo}O |xOWs=Hv= |y=oW}=tR; w |OOa C=ar=]t
"CU= KrUt l =N sDU}U OQmrta ẁv QO Q=w}O |=B |Q=OQ}o u=R}t Q}otWJ Q}F-=D
QO xOWxDiQo Q_v QO |oDN}Uo |xwo |xR=Ov= xm CU= xOW xO=O u=Wv u}vJty

[7]"CU= C}ak=w R= QDlJwm ?D=Qt x@ '|m}D=DU= x@W p}rLD pw=ODt |=yVwQ
Q@ xRQrR}t =@ xOWs=Hv= |=yV}=tR; T=U=Q@ R}v 2008 p=U QO |WywSB QO
|Q@ Q=@ C}iQ_ xm Ot; CUOx@ xH}Dv u}= '|Oqwi |xtUD =@ KrUt l =N Q=w}O |wQ
l =N |xOwD |oDN}Uo Kw]U |Q}opmW |xwLv QO |}xOta Vkv QDU@ l =N
K]U 'u}mv=Q C=}[Qi seQ|ra xm O=O u=Wv xOWs=Hv= C=ar=]t "OQ=O xOWKrUt

[8]"CU= |wtyU xOWp}mWD |oDN}Uo
`=iDQ= xm OW XNWt 2009 p=U QO |}xOWs=Hv= |OOa C=ar=]t T=U=Q@
|oDN}Uo Ot ẁvp}mWD QO|rY=pt=a wO 'l =N|rN=O l =m]Y= |x} w=R w Q=w}O

[9]"OvDUy KrUt l =N sDU}U
l =N sDU}U OQmrta QO xrRrR |=yQDt=Q=B Q}F-=D |xv}tR QO |WywSB QO u}vJty
\}=QW QO xR=U|}xRQr OQmrta QO xrRrR s�=k ?=DW xm OW xO=O u=Wv �2008� KrUt
w Kh > 0 2 Q}O=kt |=Q@ xm CU= |r=L QO u}= "OQ=O |R}J=v Q}F-=D 'Kh < 0 2
u}vJty "CU= xOW x}YwD COWx@ xrRrR s�=k ?=DW Q=F; uDiQoQ_vQO '' < 30
x@ |@=}DUO x@ QHvt ?=DW 2|}=tvnQR@ QF= uDiQovQ_vQO xm CU= xOW xO=O u=Wv

[10]"OwW|t u}}=B CUO |L=Q] l}
|wQ Q@ u=RQr R}t |=yV}=tR; R= xO=iDU= =@ '1974 p=U QO |Qo}O VywSB QO
Q=DiQ xrRrR s=ovy QO Q}PBh=]av= w ?rY |=yQ=w}O xm CU= xOW xO=O u=Wv pOt 3
,qt=m p�=L Q=w}O CWB QO |m}t=v}O p=ai Vv=Q `} RwD u}vJty "OvQ=Ov |y@=Wt
xm |Qw] x@ 'CU= QDu}}=B ?rY Q=w}O QO Vv=Q u}= QF= |x]kv "CU= |]NQ}e
VQ=Ro 0 433 H w 0 364 H u}@ Q}PBh=]av= |=yQ=w}O QO p=ai Vv=Q QF= |x]kv
|m}D=DU= x@W VwQ QO xm CU= xOW O=yvW}B xar=]t u}= T=U= Q@ "CU= xOW

[11]%OwW KqY= 1 |x]@=Q T=U=Q@ |ki= ?=DW ?} Q[
Kh = 2�f

g
�max (1)

"CU= |Q=PoQ=@ Ot=U@ f w xv}W}@ CaQW �max 'u; QO xm
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"KrUt l =N |m}vmDw�S C=YNWt "1 pwOH
OL=w KrUt l =N |B QDt=Q=B

(kg/m3) 2050 2000 XwYNt uRw
(KPa) 3080 (2 17�e)4

1+e �0 8
0 |WQ@ pwOt

""" 0 3 0 33 uwU=wB ?} Q[
(kg/cm2) 0 0 1 |oOv@UJ

�xHQO� 37 32 |rN=O l =m]Y= |x} w=R
""" 0 42 0 49 pNrND C@Uv

"pY=i OL Kr=Yt |m}vmDw�S C=YNWt "2 pwOH

interface = 
soil XwYNt uRw
Ginterface = Gsoil |WQ@ pwOt
�interface = �soil uwU=wB ?} Q[
Cinterface = 0 |oOv@UJ

'interface = 2 3'soil |rN=O l =m]Y= |x} w=R
"xtUD w x} wQ C=YNWt "3 pwOH

OL=w xDUwB xtUD QDt=Q=B
(kg/m3) 2500 7800 XwYNt uRw
(GPa) 20 200 |v=UWm pwOt
(cm) 150� 150� 15 6� 0 5 O=a@=

(MPa) 21 235 |oDN}Uo VvD

?=NDv= pOt |=Q@ jta x@ xHwD =@ xm 'CU= xOW h} QaD xOvvmQwYLt VvD R=
"OwW|t

u}@ 7pY=i OL QO '|vD@ |x} wQ =@ l =N |xOwD VvmQOv= p=ta= Qw_vtx@
|m}vmDw�S Kr=Yt xOwOLt l} R= '|m}vmDw�S Kr=Yt xOwOLt w x} wQ |=yu=tr=

[18]"�2 pwOH� CU= xOW xO=iDU= pO=at |m}v=mt C=YNWt =@
x}wQ w K}rUD |=yu=tr= "4"1"3

|=yQ=w}O Q=DiQ QO |}=RUx@ Q}F-=D u; O=a@= w xtUD pw] 'xtUD |ki= w s�=k |xrY=i
xDUwB |=yu=tr= R= xO=iDU= x@ xHwD =@ VywSB u}= QO "Ovm|t =i}= KrUt l =N
=yxtUD pY=wi 'OQ}o|t Q=Qk xO=iDU= OQwt pw=ODt Qw]x@ xm 'pmW|@}rY CQwYx@
"CU= xOW ?=NDv= QDt|Dv=U 75 =@ Q@=Q@ |w=Ut CQwYx@ ji= w s�=k |=DU=Q QO
Qy |wQ Q@ |w=Ut pY=wi =@ |Owta w |ki= CQwYx@ xtUD OOa 2 xm xvwou}O@
CyH QDt|r}t 60� 5 G}=Q O=a@= x@ =yxtUD "OwW|t ?Yv |QDt 1 5 |xDUwB

"Ov=xOW ?=NDv= |R=UpOt
uDiQoQ_vQOu}vJty w xR=U `=iDQ= 'xOW?=NDv=|m}vmDw�S |=yQDt=Q=B x@ xHwD =@
|xt=vu}};T=U=Q@ =yxtUD pw] '?NDvt|=yCW=ov?=DW|t=tD QO?=DW|xv}W}@
|t=tD p=ta= CLD =ypOt xm 'Ov=xOW ?=NDv= w |L=Q] |}xvwo x@ 'FHWA

=ypOt |t=tD QO =yxtUD pw] =Pr "OvwWv |Q=O}=B=v xvwoI}y Q=JO =yCW=ov?=DW
QO |Oqwi |=yxtUD C=YNWt Q}=U "CU= xOW xDiQo Q_v QO xR=U `=iDQ= 0 8

[12]"CU= xOW x�=Q= 3 pwOH
l =N w xtUD u=}t VvmQOv= '=yxtUD |R=UpOt QO QDt=Q=B u} QDsyt xrtH R=
"CU= xOW xO=iDU= STRIP u=tr= R= |Oqwi |=yxtUD |R=UpOt Qw_vt x@ "CU=
"Ovm pOt Ov=wD|t |@ wN x@ VWm QO =Q Oqwi |oQ=B w s}rUD OL STRIP u=tr=

VvmQOv= |R=UpOt QO |Ovtv=wD 'l =N ẁvDt |Q=DiQ |=ypOt R= xO=iDU= "CU=
u}L Kr=Yt Q=DiQ ?U=vt |R=UpOt 'Kr=Yt |]NQ}e Q=DiQ uDiQoQ_vQO 'Kr=Yt
x@ Q=Ri=sQv u}= |=yC} Rt xrtH R= Q@ Q=m \UwD |U} wvOm C}r@=k u}vJty w xrRrR

[13]"O};|t Q=tW
|OOa pOt |UOvy C=YNWt "2"1"3

=i}= KrUt l =N sDU}U |}xRQr OQmrta QO |tyt Vkv xR=U `=iDQ= xm =Hv; R=
|}xrB =} w xJQ=Bl} CQwYx@ hrDNt |a=iDQ= |=yxOQ QO R}v sDU}U u}= w Ovm|t
l} u=wvax@ QDt 6 `=iDQ= =@ xJQ=Bl} |}xR=U R= VywSB u}= QO =Pr 'OwW|t =QH=

"CU= xOW xO=iDU= pwtat w pw=ODt |tR}v=mt w `=iDQ= =@ KrUt l =N sDU}U
|=yp}rLD T=U=Q@ 'p}rLD G}=Dv QO xOWh} QaD |=yRQt Q}F-=D hPL |=DU=Q QO
w Q=w}O `=iDQ= Q@=Q@ 5 |xR=Ov= x@ Q=w}O CWB l =N |xOwD pw] 'xOWs=Hv= C}U=UL
?=NDv= =ypOt R=l} Qy QO u; `=iDQ= Q@=Q@ 1 5 =@ Q@=Q@ Q=w}O |wrH l =N |xOwD pw]
xOt;OwHwx@ |=ypmWQ}}eD QO |B O=a@= Q}osWJ Q}F-=D x@ xHwD =@ u}vJty "CU= xOW
|=yp}rLD T=U=Q@ 'x=oCN=U QF= hPL w Q}F-=D u}= p=ta= |=DU=Q QO 'sDU}U QO
[15w14]"CU= xOW xO=iDU= xR=U`=iDQ= =@ Q@=Q@|a=iDQ= =@|Bl} R= xOWs=Hv=C}U=UL

"CU= QwmPt O=a@= =@ KrUt l =N sDU}U R= l}D=tW |=tv |w=L '2 pmW
|=yOt=U@ =@ G=wt= uOWQDr}i R= |Q}owrH w pOt R= Gwt Qw@a CyH x@ u}vJty
?=NDv= |OwQw Gwt Ot=U@ u} QDnQR@ Gwt pw] |xR=Ov= x@ ,=@} QkD =yVt O=a@= 'q=@

"CU= xOW|m}vmDw�S |=yQDt=Q=B "3"1"3
|=yQDt=Q=B QD|ak=w w QDj}kO xJ Qy ?=NDv= =@ =D CU= xOW |aU VywSB u}= QO
=Pr "s}@=} CUO |OQ@ Q=m |H}=Dv x@ '|OOa |=ypOt QO xO=iDU= OQwt |m}vmDw�S
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0 13 23 5 6 6 R San Fernando 1971=02=09 14 : 00 2
0 17 10 6 4 SS Vendic, Iran 1976=11=07 3
0 18 10 6 4 SS Vendic, Iran 1976=11=07 4
0 87 7 6 1 R Naghan, Iran 1977=04=06 5
0 57 7 6 1 R Naghan, Iran 1977=04=06 6
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0 09 45 7 4 R Tabas, Iran 1978=09=16 8
0 10 45 6 6 0 RO N. Palm Springs 1986=07=08 09 : 20 9
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0 30 8 2 6 7 R Northridge 1994=01=17 12 : 31 17
0 43 8 2 6 7 R Northridge 1994=01=17 12 : 31 18
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0 97 8 2 7 1 SS Duzce, Turkey 1999=11=12 20
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0 15 8 5 7 1 SS Duzce, Turkey 1999=11=12 22
0 05 27 7 1 SS Duzce, Turkey 1999=11=12 23
0 05 27 7 1 SS Duzce, Turkey 1999=11=12 24
0 43 28 6 0 R Changureh, Iran 2002=02=26 25
0 44 28 6 0 R Changureh, Iran 2002=02=26 26
0 16 56 6 5 SS Bam, Iran 2003=12=26 27
0 1 56 6 5 SS Bam, Iran 2003=12=26 28
0 29 20 6 3 R Baladeh, Iran 2004=05=28 29
0 16 20 6 3 R Baladeh, Iran2004=05=28 30
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|vwv=m |xrY=i SMV SMA CAV SED PGV PGA
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(km) (cm/s) (g) (cm/s) (cm2/s) (cm/s) (g)
23 5 9 0 14 439 252 21 0 16 6 6 1
23 5 7 0 11 372 127 12 0 13 6 6 2
10 17 0 34 788 289 27 0 17 6 4 3
10 19 0 39 725 466 32 0 18 6 4 4
7 13 0 25 1036 511 22 0 87 6 1 5
7 9 0 21 794 227 19 0 57 6 1 6
45 18 0 47 1389 792 32 0 11 7 4 7
45 14 0 28 1169 603 30 0 09 7 4 8

45 6 11 0 31 976 173 17 0 10 6 0 9
45 6 7 0 1 1123 166 13 0 13 6 0 10
7 3 11 0 49 869 80 12 0 49 6 0 11
7 3 12 0 52 840 102 17 0 61 6 0 12
26 8 10 0 37 1131 90 13 0 17 6 7 13
26 8 11 0 22 1414 161 14 0 22 6 7 14
36 1 15 0 36 1021 348 25 0 23 6 7 15
36 1 25 0 35 850 836 32 0 13 6 7 16
8 2 19 0 25 723 152 14 0 30 6 7 17
8 2 26 0 47 1491 208 19 0 43 6 7=6 18
8 2 21 0 32 650 367 22 0 51 7 1 19
8 2 25 0 32 1098 226 21 0 97 7 1 20
8 5 13 0 29 1352 676 32 0 13 7 1 21
8 5 15 0 40 565 255 28 0 15 7 1 22
27 11 0 37 1166 157 13 0 05 7 1 23
27 9 0 21 1234 348 17 0 05 7 1 24
28 18 0 41 999 571 31 0 43 6 0 25
28 20 0 34 810 1477 39 0 44 6 0 26
56 17 0 28 958 311 23 0 16 6 5 27
56 14 0 41 1154 257 17 0 1 6 5 28
20 23 0 40 1221 748 25 0 29 6 3 29
20 24 0 23 1355 873 36 0 16 6 3 30

22



CU
wOv=O

R}O
}Ht

wx=v
Bl

tm|
ra

"|r=ta= |=yCW=ov?=DW CLD x} wQ Q=oOv=t u=mtQ}}eD "8 pmW

"Q=w}O |q=@ ?=DW MU=B w |OwQw ?=DW |xU}=kt "10 pmW

"Q=w}O |q=@ w \Uw \=kv u=mtQ}}eD |xJN} Q=D |xU}=kt "9 pmW

Ot 'OwW|t xO}O Kw[wx@ =ypmW QO xm Qw]u=ty "CU= xOW x�=Q= 8 pmW QO
u=QwO u}= u=R}t xm 'CU= xOw@ xvW=B pwL u=QwO CQwYx@ xR=U pmWQ}}eD ?r=e
'|iQ] R= "CU= xOWp=ta= |=yCW=ov?=DW XN=W |=yQDt=Q=B x@ xDU@=w ,qt=m
swO w pw= |x}q QO 'Q=w}O |x} wQ QO xO=Di=j=iD= |=y|}=H@=H QO C=Q}}eD u} QDW}@
xR=U x@ xrRrR R= |W=v Q=Wi u} QDW}@ p=ta= Qov=}@ Qt= u}= xm &OwW|t xOy=Wt xR=U
|ki= |}=H@=H x@ \w@ Qt |xJN} Q=D 'xvwtv |=Q@ "CU= u; `=iDQ= 1 3 |xOwOLt QO
|OwQw ?=DW x@ \w@ Qt |xJN} Q=D w 9 pmW QO u=tR Q@=Q@ QO Q=w}O R= x]kv wO
xOy=Wt "CU= xOW x�=Q= 10 pmW QO u=tR Q@=Q@ QO Q=w}O |q=@ |x]kv MU=B w

23



"""l
=NQ

=w}O
|}x

RQr
OQm

rta
|Q}

PBQ}
F- =D|

UQQ
@

"CW=ov?=DW |=yXN=W C=Q}}eD =@ x} wQ |xv}W}@ |}=H@=H C=Q}}eD "11 pmW

24



CU
wOv=O

R}O
}Ht

wx=v
Bl

tm|
ra Cra x@ |v=kwi |=yxtUD Q@ xOQ=w p=tQv VvD Vy=m R= |W=v u=wD|t =Q |v=kwi

"CUv=O l =N =@ xtUD VvmQOv= Ci)= w Q=@ QU Q=Wi Vy=m
pw= |=yx}q QO 'Q=w}O |x} wQ QO xO=Di=j=iD= |=y|}=H@=H QO C=Q}}eD u} QDW}@ "2
R= |W=v Q=Wi u} QDW}@ p=ta= Qov=}@ Qt= u}= xm &OwW|t xOy=Wt xR=U swO w
=yxtUD V}=Q; x@ xHwD =Pr "CU= u; `=iDQ= 1 3 |xOwOLt QO xR=U x@ xrRrR

"CU= |Y=N C}ty= |=Q=O xOwOLt u}= QO
'xOWp=ta= |=yxrRrR|t=tDCLD|UQQ@ OQwt |xR=U OQmrta Kw]U uOw@u}}=B "3
x}mD =@ =Pr "CU= FHWA |xt=vu}}; T=U=Q@ q=@ CUO |L=Q] l} R= |m =L
KQ] l} x@ |@=}DUO ut[ u=wD|t '|}xRQr OQmrta |=v@t Q@ |L=Q] VwQ Q@

"OQm |L=Q] R=}v OQwt OQmrta Kw]U T=U=Q@ =Q xR=U 'xv}y@ w |O=YDk=
CLD Q_vOQwt |xR=U |m}t=v}O p}rLD R= xOt;CUOx@ |=yxO=O |oOvm =QB "4
l =N |xR=U l} |}xRQr OQmrta xm OyO|t u=Wv uwo =vwo |=yCW=ov?=DW
QDt=Q=B l} \ki ?=NDv= w CU= xDU@=w CW=ov l} |=yQDt=Q=B |t=tD x@ KrUt
sOa ?@U 'xR=U |L=Q] Qw_vt x@ xrRrR XN=W |=yQDt=Q=B |t=tD u=}t R=

"OwW|t jiwt KQ] l} x@ |@=}DUO
?=NDv= C}U=UL Qou=}@ 'xrRrR XN=W |=yQDt=Q=B x@ OQmrta Kw]U |oDU@=w "5
?=NDv= =Pr "CU= |}xRQr OQmrta |=v@t Q@ |L=Q] VwQ QO KQ] |xrRrR
|L=Q] VwQ u}= QO XNWt Q=}at l} T=U=Q@ ?U=vt KQ] |xrRrR l}

"CU= Q}PB=v?=vDH=
Qo}O QDt=Q=B u}OvJ x@ �CAV� |atHD jr]t CaQU QDt=Q=B |oDU@=w OwHw =@ "6
|=ypm}U O=OaD 'CW=ov u=tR COt 'xv}W}@ CaQU 'xv}W}@ ?=DW %Ovv=t xrRrR
l =N xR=U |}xRQr OQmrta w QDt=Q=B u}= u=}t |@U=vt |}=Qosy '"""w xOWQ=QmD
xR=U u=mtQ}}eD V}=Ri= x@ QHvt u; V}=Ri= xm |}xvwox@ 'OwW|t xO}O KrUt
QwmPt sDU}U OQmrta K]U w QDt=Q=B u}= u=}t |}x]@=Q u=wD|t =Pr "OwW|t
|}xRQr OQmrta T=U=Q@ |L=Q] VwQ QO u}=Q@=v@ "OQm x�=Q= 3 |x]@=Q CQwYx@
u=wvax@ =Q CAV QDt=Q=B u=wD|t '|Oqwi |xtUD =@ xOWKrUt l =N |=yxR=U

"OQm |iQat KQ] |xrRrR ?=NDv= CyH Q=}at u} QDy@
�x=H = 0 0008 CAV (3)

xrRrR l} |=yQDt=Q=B u} QDXN=W R= |m} <RH �M� =oQR@ QDt=Q=B xmv; seQ|ra "7
?=NDv= CyH QO ?U=vt Q=}at l} u=wvax@ =Q u; u=QoWywSB w O};|t Q=tWx@
OQmrta w QDt=Q=B u}= u}@ ?U=vt |}=Qosy sOa 'Ov=xOQm |iQat KQ] |xrRrR
QO Ot;Q=m =v QDt=Q=B l} u=wva x@ =Q QDt=Q=B u}= 'KrUt l =N sDU}U |}xRQr

"OR=U|t |iQat KQ] |xrRrR ?=NDv=
xO=iDU= '|}xRQr OQmrta w �PGA� xv}W}@ ?=DW u}@ ?U=vt |}=Qosy sOa "8
|=v@t Q@ |L=Q] VwQ QO KQ] |xrRrR ?=NDv= CyH =Q OQ@ Q=mQ)B QDt=Q=B u}= R=

"OyO|t Q=Qk s=y@= R= |}xr=y QO |}xRQr OQmrta

xO}UQ C@=F Q=Okt l} x@ ,=D}=yv 'u=Uwv R= TB w R=e; QiY R= |}=H@=H xm OwW|t
|}=Qosy w |Q=O}=B Qov=}@ OvwQ u}= "CU= xOW O=H}= xR=U QO Q=oOv=t u=mtQ}}eD w
Q=w}O |q=@ |x]kv QO ?=DW MU=B V}=Ri= u}vJty "CU= p}rLD u=}=B QO sDU}U
Qov=}@ '|Q=PoQ=@ u=}=B QO u; Vy=m w |}=tvnQR@ ẁkw Qov=}@ '|OwQw ?=DW x@ C@Uv
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u}@ |}=Qosy u} QDW}@ 'OwW|t xOy=Wt xOt;CUOx@ G}=Dv R= xm Qw]u=ty
QDt=Q=B x@ \w@ Qt KrUt l =N Q=w}O |}xRQr OQmrta w xrRrR XN=W |=yQDt=Q=B
QHvt u; V}=Ri= Cio u=wD|t xm |}xvwo x@ 'CU= �CAV� |atHD jr]t CaQU

"OwW|t xR=U u=mtQ}}eD V}=Ri= x@
uwO@ ?=DW Q=Owtv Q} R K]U =} w CaQU pm Q=Okt R= CU= CQ=@a CAV

%OwW|t h} QaD 2 |x]@=Q CQwYx@ xm |ivt Ctqa uDiQoQ_vQO

CAV =
Z t

0
ja(t)j dt (2)

"CU= u=tR Q@=Q@ QO ?=DW C=Q}}eD a(t) 'u; QO xm
l =N |=yxR=U |}xRQr OQmrta T=U=Q@ |L=Q] VwQ QO Cio u=wD|t =Pr
xrRrR ?=NDv= QO Q=}at u} QDy@ u=wvax@ CAV QDt=Q=B '|Oqwi |xtUD =@ xOWKrUt
xS} w |SQv= |xD}Uv=O QDt=Q=B x@ \w@ Qt |}=Qosy u} QDtm 'Qo}O |wU R= "CU= KQ]
?=NDv= QO Q=}at u} QDOt;Q=m =v u=wva x@ =Q QwmPt QDt=Q=B Qt= u}= xm CU= �SED�
=oQR@ QDt=Q=B u}@ ?U=vt |}=Qoty=v x@ u=wD|t u}vJty "OR=U|t KQ]t KQ] |xrRrR
xm �1980� O}U |x} Q_v hqNQ@ ẁ[wt u}= "OQm xQ=W= |}xRQr OQmrta w �M�
=oQR@ 'Ov=O|t |m =N |=yOU |=Q@ KQ] |xrRrR ?=NDv= *Q=}at u} QDy@ =Q =oQR@ QDt=Q=B
|iQat KrUt l =N |=yQ=w}O |=Q@ KQ] |xrRrR ?=NDv= QO Ot;Q=m =v |QDt=Q=B =Q

"OR=U|t

|Q}oxH}Dv "5
%OQm xQ=W= OQ=wt u}= x@ u=wD|t xOt;CUOx@ G}=Dv Q@ x}mD =@

'xOWp=ta= |=yxrRrR |t=tD CLD |UQQ@ OQwt |=yxR=U u=mtQ}}eD ?r=e Ot "1
|=yx}q QO xR=U |ki= |=yu=mtQ}}eD V}=Ri= pt=a "CU= xvW=B pwL u=QwO

=yCWwv=B
1. cumulative absolute velocity
2. ampli�cation
3. magnitude

4. performance base design
5. fast lagrangian analysis of continuum
6. equivalent linear method
7. interface
8. quiet boundary
9. peak ground acceleration
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10. epicenter
11. peak ground velocity
12. speci�c energy density
13. sustained maximum acceleration
14. sustained maximum velocity
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